v t The authors present a retrospective analysis of 97 cases of spinal meningioma. Age, sex, tumor location, and clinical presentation are similar to that reported by others. Importantly, even among paraplegic patients, one-third eventually walked. Other findings of note were poor results among those with calcified or recurrent tumors, and a high incidence of invasiveness among the rare epidural lesions. Males do not show the preference for a thoracic location that is found among females, and cervical tumors are almost all anterior to the cord. This last point suggests a different surgical approach in some cases. A large percentage of cases carried other diagnoses before tumor was recognized.
I
N 1887, Horsley TM initiated modern surgical treatment of spinal tumor when he removed a benign growth from a patient with spinal cord compression. This patient, whose tumor had been diagnosed and localized by Gowers, is was cured. The surgical treatment is quite effective, and most neurosurgeons would agree with Cushing and Eisenhart's 1938 statement that "a successful operation for a spinal meningioma represents one of the most gratifying of all operative procedures. ''s Even profound neurological deficit that would be hopeless in a case of sudden damage to the spinal cord can recover with careful surgical intervention. We have reviewed the Cleveland Clinic experience with 97 spinal cord meningiomas to point out the difficult diagnostic features but gratifying surgical results with these lesions.
Study Method
From 1946 to early 1982, 97 patients with a histologically confirmed spinal cord meningioma have been treated at the Cleveland Clinic. We have excluded foramen magnum meningiomas from this series since these lesions present a different diagnostic and therapeutic problem. All charts were reviewed by either W.J.L. or J.B. and, when questions arose about diagnosis, the slides were reviewed with a neuropathologist. Results were characterized primarily by motor response and particularly with regard to ambulation status. We evaluated the patients as changed only if they crossed into another motor category from their preoperative state. These motor categories were: Grade 0: normal; Grade I: walking with assistance; Grade II: strength greater than gravity; Grade III: strength less than gravity; and Grade IV: paraplegic (no motor response). This conservative approach was used to compensate for variabilities in the quality of the charts' documentation.
Summary of Cases
We found that 80% of the tumors were in females (Table 1 ). This compares with 85% reported by Bull 4 and 95% by Rand. ~ The average age of our patients was 53 years, with a standard deviation for the group of 13 years. 
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History
The average duration of symptoms was 23 months prior to diagnosis. Here we accepted symptoms that from the clinical history seemed clearly related to the patient's subsequent course. Three patients had abrupt onset of symptoms, all associated with falls (one while skiing). One patient had a 20-year history of pain symptoms similar to those at the time of final diagnosis.
Nearly one-third of the patients had been diagnosed as having other diseases, most commonly multiple sclerosis, "arthritis" involving the back and legs, "arachnoiditis," disc herniation, and motor neuron disease. Some patients had undergone inappropriate surgery, including lumbar disc exploration and knee surgery.
Symptoms and Signs
As had been the common finding in other series, pain was the predominant symptom, often antedating other symptoms by months or years (Table 2) . Sensory loss and weakness were the next most common symptoms, followed by bladder and bowel dysfunction. A few patients complained of intracranial symptoms, although their tumors were in the mid-dorsal spine. For instance, headache, dizziness, nausea and vomiting, light-headedness, and blurred vision were cited by some patients.
Significant weakness was present in the majority of patients at the time of diagnosis, with only 17 of 97 patients (17%) having intact motor function (Table 3) . Fifty-one patients were ambulatory (53%), many requiting supportive aids such as canes and walkers. Another 17% were unable to walk but still had antigravity function; 6% had only trace activity; and 6% were entirely plegic.
Reflex change was present in 79% of patients. The most common change was hyperreflexia in the lower extremities. Sixty-five percent had accompanying Babinski signs. Spasticity accompanied these findings as well. Objective evidence of sphincter disturbances was reported in 15% of patients, but in many others we did not find a record of the rectal examination. Sen- pain  70  72  local  54  56  radicular component  20  21  paresthesias  31  32  cold sensations  6  6  hot sensations  3  3  numbness  32  33  weakness  64  66  bowel or bladder dysfunction  39  40  chest pain  5 
Preoperative Studies
Routine plain films showed radiological abnormalities in 19% of cases. Two patients had reversal of normal spinal curvature, seven had scoliosis, and nine had abnormalities of the pedicles: either widening or erosion. Only one patient had a detectable calcification.
Ninety percent of patients underwent myelography, which showed complete blocks in 58%, nearly complete blocks in 14%, and partial defects in 28%. Cerebrospinal fluid (CSF), usually obtained at myelography, was analyzed for protein in 95 patients. The results are shown in Fig. 1 . Only eight of the 95 
Tumor Location
The distribution of tumors along the spinal axis is shown in Fig. 2 . In agreement with other series, 17% were cervical and 73% were thoracic. As shown in Table 4 , there was an unexpected difference between men and women in the location o f their tumors. The 19 men had eight cervical, nine thoracic, and two lumbar meningiomas; however, the 78 females had nine cervical, 64 thoracic, and five lumbar tumors. Thus, while 83% o f the females' meningiomas were located in the thoracic area, only 47% o f the males' tumors were located in the thoracic area. The males had approximately the same percentage o f cervical as thoracic disease, while the females had only one-seventh as much cervical disease. The smaller numbers of males tempers this finding, but the suggestion is o f a clear sex difference in tumor location. This is a significant difference (p = 0.01) by chi-square testing.
A further surprise occurs in the anterior-posterior location. Eleven o f 13 cervical tumors were located anteriorly in the canal, and both o f the posterior tumors were at C-1. However, from C-7 down, there were 22 anterior and 45 posterior tumors, so that lesions were twice as likely to be posterior. This is significant (chi-square: p = 0.001). We found no report in the literature o f this anterior location o f cervical meningiomas.
Pathology
Histological reports were available for all 97 cases ( Table 5 ). The most c o m m o n type was meningiothe-lial (59%), then psammomatous (21%). Ten of the meningiothelial meningiomas had psammomatous components, two had fibroblastic components, and 11 had a nonspecific interpretation. Three were classed as invasive, but no frankly malignant tumors were encountered.
Surgery
The optimum treatment of spinal meningioma is total excision of the meningioma, complete with the attached dura. This was the most common procedure in our series, but circumstance sometimes forced a less radical procedure (Table 6 ). Eighty patients (82%) had a complete removal of their lesion and seven (7%) an incomplete removal. In the remaining cases, we could not be certain from the clinical records which had been done. The dural attachment was removed in 55 cases (57%). But in 15%, usually anterior tumors, the dura was coagulated rather than excised. Primary closure of the dura was accomplished in 10 cases, with a Silastic graft utilized in another five. Fifty-one patients (53%) had the dura left open. In the remaining cases, disposition of the opened dura was not described.
Some additional points of technique were that 21 patients were operated on in the sitting position. The other procedures were performed in the prone position. The microscope was used routinely in the more recent cases. Some lesions gave special techa~ cal problems at surgery. Four posterior meningiomas were rock hard and calcified. The surgical control of the tumor was so difficult that one was described as "rocking back and forth in its bed" during removal. The angiomatous meningioma had such excessive bleeding that only a portion of it could be removed.
Tumor Recurrence
Complete tumor removal was accomplished in 80 patients (82%). One patient in this group suffered tumor recurrence 8 years after total excision. In this patient, the dura of origin had been grossly removed as well. Incomplete tumor removal was documented in seven patients (7%). Three of these incompletely removed lesions were anteriorly located, two were recurrent tumors, two had an extradural component, and one was a highly vascular angioblastic tumor. Despite incomplete removal, this small group of patients fared well. One patient is asymptomatic 14 years postoperatively, and two patients died 10 and 12 years postoperatively of unrelated causes, free of neurological symptoms at the time of death. Two patients demonstrated symptomatic recurrences after 13 and 16 years. Late recurrences have been previously reported at 5, 8, 10, 12, 14, 23, 27 , and 38 years postoperatively.S.15. 43
Surgical Results
All patients were categorized from the findings at immediate postoperative follow-up examination at 1 month and at long-term follow-up examination averaging 7 years, the longest being 28 years (Table 7) . In their preoperative state, 68 patients were walking (17 completely intact), 17 had better than gravity strength, six had less than gravity strength, and six were paraplegic. Of those walking preoperatively, six were worse postoperatively. Three of these were paraplegic. In the group that preoperatively had greater than gravity strength but were not walking, one could walk at short-term examination. Four worsened and had less than gravity strength. Six of the 11 patients with long-term follow-up review were walking (55%).
In patients with less than gravity strength preoperatively, three were walking at the short-term followup examination, two others had greater than gravity strength, and one was paraplegic. In the long-term, five of these six were walking (83%), and one remained with less than gravity strength. Thus, no one in this group worsened. Six patients were paraplegic preoperatively, two of these had greater than gravity strength at 1 month, and three others less than gravity strength. The sixth remained paraplegic. Only two of these six patients had long-term follow-up examination, and both could walk. In examination of sensory and bowel/bladder function, we have been more cautious because the follow-up examination was spotty and the figures are therefore more tentative.
Sensory levels resolved in 32 of 42 patients at 1 month, and 36 of 38 at the long-term follow-up study. Pain was relieved in 35 patients at the long-term follow-up review, and was present but improved in four; six patients had a chronic problem of unchanged pain. Bowel and bladder function showed improvement in four patients (36%), and no change in seven at long-term follow-up review. The Babinski sign was tested at long-term follow-up examination in 44 patients, and had resolved in 34 (77%) of them. Reflexes returned to normal in 35 of 53 (66%) seen in longterm follow-up study.
Seven patients had increased neurological deficits postoperatively which did not resolve. Their lesion locations are given in Table 8 . Three of these patients had calcified meningiomas. In fact, three of the four patients with calcified meningiomas were paraplegic postoperatively. The lesions associated with increased deficit were posterior in five and anterior in two. We had considered whether the anterior lesions in the thoracic area could cause increased deficit due to the increased manipulation required to reach them, but we could not judge from the reports.
Complications
As seen in Table 9 , there were several other complications in addition to those listed in the seven patients with postoperative increased deficits. One patient died intraoperatively of a cerebrovascular accident (CVA), three had CSF leaks, and three had arachnoiditis. There were also a few cases of pulmonary emboli, postoperative CVA, and postoperative aseptic meningitis. Another patient had a central cord syndrome 3 days postoperatively, probably due to a hypotensive episode when he sat up. This resolved to some mild distal arm weakness. He was still able to walk, once recovered. Both are listed in Table 8 .
Extradural Meningioma
We found seven extradural tumors, 7.2% of the total. This is in the range reported by Bull 4 and Elsberg 13 (6.8%). Some of these cases reported in the literature showed an intradural extension as well. In others, the description does not make it clear if an intradural component was ruled out. In our seven cases, the tumor was both extradural and intradural. One was originally explored as an extradural meningioma: no sign was seen of an intradural component, nor any sign of a breech in the dura or remaining mass. When the patient did not do well, he was reexplored after 1 month and a small intradural meningioma was found at the same site. He did well after removal of this psammomatous meningioma and returned to normal neurological status.
It has been suggested that extradural tumors show more rapid courses than intradural meningiomas. The shortest course from first symptom to diagnosis was 4 months; however, one patient deteriorated from intact motor function to paraplegia in 4 weeks. These patients averaged 9 months in their course, half that of the rest of the series. The seventh patient had been paraplegic for 3 years, with incontinence and impotence. On exploration, an invasive meningioma was found involving the bone, with both intra-and extradural components. He eventually regained the ability to walk. Taken together, these cases suggest a more rapid course than with solely intradural lesions, but the time course is not clear.
Another disturbing feature of epidural meningioma is an increased incidence of invasiveness, lz,26 Three of our seven extradural meningiomas were invasive, two having destroyed both the vertebral arch and pedicle. The other tumors were meningiothelial in three cases and psammomatous in one. These three are the only invasive meningiomas in our series, stressing the ominous features of extradural meningiomas. Additionally, these tumors are sometimes reported to be vascular, one having been demonstrated on angiography. ~ Increased intracranial pressure has been associated with these tumors as well. 1,9,17 One of our recurrences was of an extradural meningioma.
Multiple Meningiomas
In our review, we encountered two patients with multiple intraspinal meningiomas located intradurally. The first patient, a 28-year-old nurse, had her first dorsally located tumor removed at T-8 on the right. She did well but developed new symptoms 6 months later. At that time, exploration showed a second, smaller lesion at T-11 anteriorly on the right. This in no way involved the first operative site. She again did well but underwent reoperation 18 years later when she again worsened, the meningioma now being at T-7 anteriorly on the right. She again improved after surgery. Two months later, she worsened and more tumor was found in the old laminectomy scar at T-9. Finally, in another exploration 1 month later, only adhesions were found. Histologically, all tumors were the same Type III meningioma. The T-8 and T-11 lesions were probably separate tumors. The later ones were probably seeding or recurrence.
The second patient with a multiple meningioma was a 15-year-old boy with documented von Recklinghausen's disease. He had previously undergone removal of a cervical neurofibroma. When he again became symptomatic from cervical myelopathy, he underwent investigation and then exploration. He had two matched meningiomas at the C-3 level which were on opposite sides of the cord and not connected. There were also numerous small meningiomas on the rootlets. On pathological examination, these were meningiothelial and psammomatous. He had a good neurological recovery from the spinal cord surgery, and eventually died 7 years later of an optic glioma.
Discussion
Meningiomas represent approximately 25% of primary spinal cord tumors. TM Cushing and Eisenhardt 8 reported the ratio of intraspinal to intracranial meningioma as being 20:1, that is, higher than the usually reported 4:1 or 5:1. This latter figure is roughly proportional to central nervous system mass, although one could speculate that the area of the dura is a more likely index.
This tumor, arising from arachnoid cap cells, has received extensive study. [2] [3] [4] 8, 19 ,2~ Intraspinally, meningiomas arise in proximity to spinal nerve roots. They are slow-growing, spreading laterally in the subarachnoid space until they become symptomatic, more often from cord than root symptoms. Davis and Washburn 1~ reported root pain in eight of their 45 patients (18%), mostly with cervical meningiomas. Iraci, et al.,23 in their series of 94 spinal meningiomas, reported that radicular pain was both less frequent and of shorter duration than seen in a comparable series of neuromas. They also found a higher incidence of signs of spinal cord compression.
Pain was the most common complaint, usually back pain. Furthermore, the early presence of a bizarre or dysesthetic pain associated with the insidious onset of neurological deficit explains in part the high misdiagnosis rate in our series (31 of 97 cases, or 32%). Davis and Washburn 1~ reported that the correct treatment was delayed by misdiagnosis in 11 of 45 patients (24%); these delays can reduce the chance for functional improvement? 2 Such errors can delay treatment, 25,44 or lead to inappropriate surgery, as in the case of seven of our patients2 Confusion was especially common in the diagnosis of those patients with spinal meningioma who presented with a history of exacerbation and remission. These tumors have been confused with such diseases as multiple sclerosis, syringomyelia, pernicious anemia, and herniated disc. Distinctly radicular pain was encountered in only 20 of the 97 patients (21%). The early motor complaints were stiffness, heaviness, or awkwardness before actual weakness appeared. When symptoms were localized to one side, it was usually the tumor side, with exceptions reported in only 5%.
Other confusing presentations were sudden onset of symptoms and raised intracranial pressure (ICP). The first has been reported as due to hemorrhage into the tumor bed in one angioblastic meningioma. 28 Sudden onset of symptoms occurred in three of our patients, all associated with a fall. Intracranial complaints, including headache, visual disturbances, and raised ICP, 9,17,27,29,36 are present only rarely. These have been explained on the basis of CSF absorption block from high protein, venous obstruction, or recurrent hemorrhage. 1,28 Glasauer 17 reported 20 cases with increased ICP associated with spinal tumor, of which two were meningiomas. We had one case with papilledema and elevated CSF protein. Although the cause is not clear, it explains intracranial symptoms that led the diagnosis away from the spine.
Regarding diagnostic tests, a complete myelogram was necessary. Plain films in our series showed an abnormality in only 19 cases (20%). In only one case was the tumor visible on plain x-ray film as a calcification (1%); this is only the 29th such case reported in the literature. 7,16,3~ The incidence of calcification visible on plain films is reported as between 2% and 5%, although one high figure of 33% in 15 cases exists. 2,4,7,3~
Spinal meningiomas have traditionally been characterized as thoracic lesions occurring in middle-aged women. We found a 4:1 female to male ratio and an average age of 53 years. Although 74% of all the tumors were thoracic, there was a difference in distribution between men and women, because the men did not show a preference for thoracic location. While 82% of the females' disease was in the thoracic area, this was true for only 47% of the males' disease: a significant difference. Previous reports have not broken clown tumor location by sex, so we have no other information with which to compare our findings. This figure could suggest a hormonal influence on spinal meningiomas.
In examination of the anterior and posterior location with reference to the spinal cord, we found that above C-7 only one of 10 tumors was posterior, and that one was at C-1. At C-7 and below there was a 2:1 posterior to anterior ratio. This is a significant difference, and is not mentioned in the literature. This has practical significance in that the anterior lesions require more demanding surgery. The manipulation of an already compromised spinal cord can lead to a worsened neurological deficit. If an anterior lesion is calcified, this becomes especially serious because even piecemeal removal may be difficult.
The issue of excision of the dura of origin in meningioma is often raised. In this series, the operative note specified complete excision of the dural attachment in 55 cases (56%). But in 15 tumors, usually located anteriorly, the dural origin was simply coagulated. It is of note that there were no recurrences in this group of patients.
From the long time to recurrence in our cases, we conclude that spinal meningiomas often pursue an indolent course. This is in contrast to recurrence rates as high as 30% for intracranial meningiomas. A good result may still be obtained if operative circumstance (such as location of the tumor or vascularity) or condition of the patient dictate a less than total removal of the tumor.
Our operative mortality of 3% is comparable to that reported by Rand 32 and Iraci, et al. za (5.3%) . Seven patients were neurologically worsened by surgery. Three of these seven were patients with rock-hard calcified meningiomas which had adhesions to the cord, two had recurrences, and two others had anterior tumors that required delicate cord manipulation to remove them.
Three of the four tumors reported as calcified (only one was visible on plain films) were associated with a disastrous surgical outcome, and the patients became paraplegic because of the extra manipulation required to dissect the tumor. Freidberg TM has reported an ossified ventral thoracic meningioma and the difficulties of removing it. An anterior tumor of this type should be approached carefully, perhaps from a lateral operation designed for the thoracic discs.
Another problem was the rare multiple meningioma. Four previous cases have been reported. One patient, reported by Randfl 2 had two intradural meningiomas at the thoracic level, and another, reported by Rath, et al.fl 5 had an intradural thoracic and extradural cervical meningioma. Both of these patients presented symptoms from their meningioma in a continuous progression. Devadiga and Gass 11 treated a patient with a second meningioma at a second site more than 30 years after the first. Scott, et al.fl 9 reported multiple melanotic meningiomas in the cervical area. In addition, Zervas, et al., 45 and Evard and Passy TM have presented cases with a meningioma in both the spine and the cranial area, the latter report being of a patient with von Recklinghausen's disease. The recurrence pattern of our first case stresses the need for complete removal of these lesions.
Our seven extradural meningiomas reflect the ominous reputation these lesions have. 6, 33, 37, 40, 42 They can be difficult to recognize and may appear to be an extradural metastasis on both myelogram and gross inspection at surgery. Furthermore, the clinical course has been reported as very rapid. 12,m,31, 42 Rasmussen, et al. f14 suggested that the epidural meningiomas arise at nerve root exits where the arachnoid is in contact with the dura. Haft and Shenkin 19 ascribed the location to invasion of the dura by the arachnoid villi, these latter having become separated from the main arachnoid layer. We agree with the conclusion that these tumors are more likely to be invasive, to be vascular, and probably have a more rapid course. They can be confused with metastatic tumors and may erode bone. They may also be more likely to recur. Because of this, every effort should be made to be sure all the tumor is removed. In particular, we would not leave the intradural area unexplored. These tumors can be intra-and extradural without a gross breach in the dura.
The degree of neurological recovery was high, with 85% of the patients either neurologically intact or significantly improved at 6 months following surgery. Those in better neurological condition preoperatively fared the best. However, the long-term results reaffirmed the fact that even paraplegia in these patients is not a hopeless situation. The only two paraplegic patients who presented at greater than 1 year followup review were both walking with assistance. Three others had recovered some movement at l month, but still had strength less than gravity. The sixth remained paraplegic. Iraci, et al., z3 reported that one of their three preoperatively paraplegic patients was able to walk.
In examining motor function, we found that 90% of patients who could walk preoperatively were walking at long-term follow-up review. Fifty-five percent of those with greater than gravity strength but not walking before surgery did walk at long-term follow-up study, and of patients with less than gravity strength, 87% were walking at long-term follow-up. These latter two groups have smaller numbers, and not all patients returned for follow-up examination, so that we must take the figures as rough guides. Furthermore, these figures cover 34 years, and results in the patients treated more recently are better due to improvement in techniques. Still, even with qualifications, the figures show that a patient with a spinal meningioma will probably return to a functional, walking role unless he is paraplegic. Even the paraplegic patient has a chance of recovery to ambulation given time.
Summary
The clinical presentations and results of surgical treatment of 97 cases of spinal meningioma have been reviewed. The surgical mortality was 3% and there was a 4% recurrence rate on long-term follow-up review. Based on this series, several observations were made:
1. Diagnosis of spinal meningioma remains difficult, one-third of the patients having been misdiagnosed earlier.
2. Cervical lesions are usually anterior, and there is not a predominance of thoracic lesions in men.
3. Total removal of calcified tumors was associated with poor neurological outcome.
4. Subtotal excision of the tumor in a small group of patients was not associated with early clinical recurrence.
5. Epidural lesions have a high propensity to invasiveness.
6. Finally, a gratifying degree of neurological recovery was the rule, with 85% of patients achieving a favorable result.
